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MICROGRAPHIC OBSERVATIONS ON THE CARBONACEOUS MESOPHASE

BY QUENCHING HOT STAGE

At the Fourteenth Conference on Carbon, Hoover et al. 1 demonstrated by

means of a film that dynamic observations of mesophase behavior were possible

with the use of a hot-stage microscope with polarized-light reflected from the

free surface of the pyrolyzing liquid. Although these observations confirm

and extend the understanding of mesophase behavior as inferred from studies of

polished sections of quenched specimens, there remains the question of just

how closely the free-surface observations relate to the three-dimensional

morphology within the bulk mesophase. For this reason we designed and con-

structed a hot-stage microscope with a quenching capability,2'3 so that a

specimen could be pyrolyzed to a point of interest as observed on the free

surface, and then quenched to a solidified body that could be sectioned for

detailed micrographic study.

Polarized-light micrographs of the free surface and a vertical section

through the free surface are compared in Fig. I for a specimen of petroleum

pitch (Ashland A240) pyrolyzed to approximately 445*C. The spherules at the

free surface display an iceberg effect with only a limited upper segment

exposed to view at the surface. Thus, most coalescence events begin below the

surface and only appear when the coalesced region has reached the surface.

The micrographs also illustrate two further points relating observations

on the free surface to those made on polished sections. The polarized-light

response on the free surface provides sharper contrast and crisper definition

of the extinction contours. Furthermore, the extinction crosses, which

1D. S. Hoover, A. Davis, A. J. Perrotta, and W. Spackman, Extended Abstracts,
14th Conf. on Carbon, 393 (1979).
M. Buechler, C. B. Ng, V. L. Weinberg, and J. L. White, Carbon '80,

Arbeitskreis Kohlenstoff der Deutsche Keram. Ges., 346 (1980).
3M. Buechler, C. B. Ng, and J. L. White, Extended Abstracts, 15th Conf. on
Carbon, 182 (1981).
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locate *2w disclinations,4 usually appear with sharply pinched centers on the

free surface and with the broad diffuse centers on polished sections.

The vertical section (Fig. I) was mapped by polarized-light response 5 to

obtain a structural sketch (Fig. 2). The large spherules display the coarse

lamelliform morphology typical of fresh undeformed mesophase, but the layers

at the free surface tend to lie normal to this surface. Examination of speci-

mens quenched from various levels of pyrolysis confirmed this tendency but

also indicates that this orientation of surface layers is readily disturbed by

deformation of the mesophase, e.g., by bubble percolation. The layer curva-

tures necessary to orient the layers near normal to the free surface usually

occur within a few microns of the surface. Thus, the strong contrast of

polarized-light observations on the free surface of freshly formed mesophase

results from the natural molecular orientation at this surface.

In conventional nematic liquid crystals, the rod-like molecular units

tend to lie parallel to an interface (e.g., the interface with a glass cover

slide), and the pinched crosses of the polarized-light extinction contours

observed on this interface locate *2w wedge disclinations with discontinuous

cires. 6 Meyer7 has shown that within the bulk nematic liquid crystal, beyond

the range of orienting forces near the interface, the molecules comprising the

core of a +2-h wedge disclination tilt toward parallelism with the disclination

line to form a core with continuous structure. In the carbonaceous mesophase,

the tendency for the mesophase layers to stand normal to the free surface also

requires the core of a +2w wedge disclination to be discontinuous at the sur-

face, but within bulk mesophase the core can relax to the cup-shaped continu-

ous structure sketc'hed in Fig. 3.

This situation is thus symmetrical with the saddle-shaped continuous

structure of the core of -2w wedge disclinations (Fig. 4) deduced from

4J E. Zimmer and J. L. White, Mol. Cryst. Lq. Cryst. 38, 177 (1977).
5J. Dubois, C. Agace, and J. L. White, Metallography 3,--T37 (1970).
6S. Chandrasekhar, Liquid Crystals, Cambridge Univ. Press (1977).7R. B. Meyer, Phil. Mag. 27, 405 (1973).
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Fig. I. Polarized-light micrographs of a quenched specimen
of mesophase pitch as observed on free surface

(upper view) and on a polished vertical section

(lower view). Crossed polarizers.
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Fig. 2. structural sketch of umesophase layer orientations in

large spherules of lower view in Fig. 1
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PLANE OF FREE
SURFACE DISCONTINUOUS

Fig. 3. Lamelliform model of a +2w wedge diaclination. A grid
placed on A surface difined by the later orientations
shovs the cup-like structure of the continuous core.
The core becomes discontinuous near the intersection
with the free surface.
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CENTERLINE OF
CONTINUOUS CORE

CARBON FIBERS
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Fig. 4. Lamelliform model of a -21 wedge disclilnation formed in
the mesophase matrix between four carbon filaments of a

carbon-carbon composite.8 A grid placed on a surface
defined by the layer orientations shows the saddle-like
structure of the continuous core.
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micrographic study of certain fiber-reinforced composites. 8 Topologically,

the carbonaceous mesophase seems to behave as a nematic liquid crystal, but

with the vector defining the molecular orientation standing normal to the long

dimension of the layer-shaped molecules rather than parallel as in the case of

the rod-shaped molecules that comprise conventional nematic liquid crystals.

8 J. E. Zimmer and J. L. White, Extended Abstracts, 14th Conf. on Carbon, 429
(1979).
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LABORATORY OPERATIONS

The Laboratory Operations of The Aerospace Corporation is conducting exper-

imental and theoretical investigations necessary for the evaluation and applica-

tion of scientific advances to new military space systems. Versatility and

flexibility have been developed to a high degree by the laboratory personnel in

dealing with the many problems encountered in the nation's rapidly developing

space systems. Expertise in the latest scientific developments is vital to the

accomplishment of tasks related to these problems. The laboratories that con-

tribute to this research are:

Aerophysics Laboratory: Launch vehicle and reentry aerodynamics and heat
transfer, propulsion chemistry and fluid mechanics, structural mechanics, flight
dynamics; high-temperature thermomechanics, gas kinetics and radiation; research
in environmental chemistry and contamination; cw and pulsed chemical laser
development including chemical kinetics, spectroscopy, optical resonators and
beam pointing, atmospheric propagation, laser effects and countermeasures.

Chemistry and Physics Laboratory: Atmospheric chemical reactions, atmo-
spheric optics, light scatteing, state-specific chemical reactions and radia-
tion transport in rocket plumes, applied laser spectroscopy, laser chemistry,
battery electrochemistry, space vacuum and radiation effects on materials, lu-
brication and surface phenomena, thermionic emission, photosensitive materials
and detectors, atomic frequency standards, and bioenvironmental research and
monitoring.

Electronics Research Laboratory: Microelectronics, GaAs low-noise and
power devices, semiconductor lasers, electromagnetic and optical propagation
phenomena, quantum electronics, laser communications, lidar, and electro-optics;
communication sciences, applied electronics, semiconductor crystal and device
physics, radiometric imaging; millimeter-wave and microwave technology.

Information Sciences Research Office: Program verification, program trans-
lation, performance-sensitive system design, distributed architectures for
spaceborne computers, fault-tolerant computer systems, artificial intelligence,
and microelectronics applications.

Materials Sciences Laboratory: Development of new materials: metal matrix
composites, polymers, and new forms of carbon; component failure analysis and
reliability; fracture mechanics and stress corrosion; evaluation of materials in
space environment; materials performance in space transportation systems; anal-
ysis of systems vulnerability and survivability in enemy-induced environments.

Space Sciences Laboratory: Atmospheric and ionospheric physics, radiation
from the atmosphere, density and composition of the upper atmosphere, aurorae
and airglow; magnetoapheric physics, cosmic rays, generation and propagation of
plasma waves in the magnetosphere; solar physics, infrared astronomy; the
effects of nuclear explosions, magnetic storms, and solar activity on the

earth's atmosphere, ionosphere, and magnetosphere; the effects of optical,
electromagnetic, and particulate radiations in space on space systems.
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